Résumé -Nous présentons une revue du formalisme optimal pour relier les amplitudes et les observables dans la diffusion à deux corps. Ce formalisme est appliqué au problème de la détermination complète d'ensembles non ambigus d'amplitudes ; il conduit au fait que le vecteur polarisation est superflu pour déterminer des amplitudes du deuteron et au fait que des états dibaryon singlet et triplet sont plausibles dans la diffusion élastique p-p.
Introduction
The underlying dynamics of particle interactions is surely reflected in the spin dependence of scattering processes. The long history of particle physics confirms this as does the shorter history of this symposium. From the discovery of parity violation to the confirmation of the Electroweak Standard Model, polarization experiments have been crucial to our theoretical progress.
The enormous effort and expense involved in initiating and completing polarization studies has been rewarded with increasing understanding of dynamics. However, it is not always clear that our existing theoretical notions about dynamics provide adequate explanations of all polarization phenomena.
Experiments often leave us with more puzzles than we knew we had. For this reason it is important to be able to analyse polarization phenomena in a general way unprejudiced by particular dynamical schemes. For interpreting Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1985241
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JOURNAL DE PHYSIQUE e x i s t i n g data, f o r f i n d i n g new tests of dynamical models and f o r designing f u t u r e experiments i t i s c r u c i a l t o have a framework i n which t h e r e l a t i o n between observable q u a n t i t i e s and underlying s p i n dependence can b e s p e c i f i e d , i n a model independent way.
Over t h e l a s t s e v e r a l y e a r s we have developed and a p p l i e d a formalism t h a t r e l a t e s t h e s p i n dependent amplitudes f o r a two-body r e a c t i o n t o observable q u a n t i t i e s i n t h e s i m p l e s t p o s s i b l e ~a y . ( l -~) T h i s "Optimal Formalism" allows u s t o study g e n e r a l a b s t r a c t questions about amplitude s t r u c t u r e ( 1 ) under various symmetry c o n s t r a i n t s ( 2 ) and t h e corresponding observable s t r u c t u r e . The freedom i n choosing d i f f e r e n t frames i n which t o s p e c i f y amplitudes and observables l e a d s t o an e x p l o r a t i o n of t h e consequences of those choices f o r t e s t i n g d i f f e r e n t dynamical hypotheses. W e have used t h e Optimal Formalism t o explore many problems, both a b s t r a c t and p r a c t i c a l . ( 4 ) Herein we w i l l d i s c u s s s e v e r a l formal a p p l i c a t i o n s of t h i s framework and a p a r t i c u l a r a p p l i c a t i o n t o t h e dynamics of p-p s c a t t e r i n g . We have r e c e n t l y answered t h e q u e s t i o n of what c o n s t i t u t e s a minimal s e t of experiments from which t o determine t h e amplitudes completely unambiguously. (3) We w i l l review t h i s work. A second i n t e r e s t i n g a p p l i c a t i o n involves t h e t e n s o r p o l a r i z a t i o n of t h e deuteron.(5) F i n a l l y we d i s c u s s t h e amplitude s t r u c t u r e f o r p-p s c a t t e r i n g i n t h e region of t h e presumed dibaryon resonances. (6) Optimal Formalism
The Optimal Formalism has been discussed i n considerable d e t a i l e l~e w h e r e ( 1 '~) and w i l l b e reviewed only b r i e f l y here. Consider a two-body r e a c t i o n A+B+C+D f o r which t h e s p i n s a r e sA, sB, sC, and sD. Now t h e s p i n dependent amplitudes a r e defined i n terms of t h e s p i n q u a n t i z a t i o n a l o n g some p a r t i c u a r d i r e c t i o n s i n space f o r each of t h e f o u r p a r t i c l e s . Let a,b,c,d be t h e expectation values of t h e s p i n s w i t h r e s p e c t t o t h e axes l a b e l l e d -A-B -C -D i.e.
J = I~I~~
The amplitudes then can be w r i t t e n a s Fc,d;a,b (E,B) i n a n obvious notation.
These axes a r e s p e c i f i e d independently. For convenience they a r e s p e c i f i e d i n t h e Center-of-Mass frame of t h e reaction.
There is a continuum of p o s s i b i l i t i e s f o r t h e s e axes, although symmetries r e s t r i c t t h o s e choices somewhat ( 2 ) a s follows.
P a r i t y conservation r e q u i r e s t h a t t h e axes be e i t h e r normal t o t h e s c a t t e r i n g plane o r i n t h e plane i n o r d e r t h a t t h e amplitudes transform i n t o one another under t h e p a r i t y operation.
Time r e v e r s a l i n v a r i a n c e r e q u i r e s A A t h a t t h e zA and zC b e p a r a l l e l a s w e l l a s t h e zB and zD axes. I d e n t i c a l A p a r t i c l e c o n s t r a i n t s r e q u i r e zA p a r a l l e l t o zB and zC p a r a l l e l t o zD. So f o r p a r i t y conservation alone, which w i l l b e assumed i n a l l a p p l i c a t i o n s considered here, each p a r t i c l e ' s a x i s can be s p e c i f i e d by t h e a n g l e t h a t a x i s makes w i t h t h e p a r t i c l e ' s momentum d i r e c t i o n when t h e a x i s l i e s i n t h e s c a t t e r i n g plane. I f only p a r i t y i s r e l e v a n t then, f o u r a n g l e s parameterize t h e f o u r axes i n t h e plane. This choice of axes i s c a l l e d a "Planar Frame"
and t h e corresponding amplitudes a r e "Planar Amplitudes". A l t e r n a t i v e l y , of course, any of t h e axes may be t r a n s v e r s e t o t h e plane. When a l l axes a r e t r a n s v e r s e t h e amplitudes a r e "Transversity Amplitudes".
With t h e s e r e s t r i c t i o n s t h e nucleon axes i n pion-photoproduction, f o r example, can b e chosen e i t h e r i n t h e s c a t t e r i n g plane w i t h two independent a n g l e s o r both normal t o t h a t plane. (7) On t h e o t h e r hand t h e axes f o r t h e protons i n p-p e l a s t i c s c a t t e r i n g , i f they a r e chosen planar, must a l l b e a t t h e same a n g l e w i t h r e s p e c t t o t h e i r momenta. (2) There i s only on choice of o r i e n t a t i o n t o be made and hence one a n g l e t o specify.
Which of t h e i n f i n i t u d e of a x e s a r e chosen depends on t h e a p p l i c a t i o n a n t i c i p a t e d .
For e x t r a c t i n g amplitudes from observables t h e t r a n s v e r s i t y axes a r e u s u a l l y most convenient. S i n g l e p a r t i c l e p o l a r i z a t i o n asymmetry i s then a combination of squares of magnitudes of t r a n s v e r s i t y amplitudes. For making
model p r e d i c t i o n s t h e h e l i c i t y frame h a s been p r e f e r r e d because of t h e s i m p l i c i t y of t h e h e l i c i t y dependence of most h y p o t h e t i c a l i n t e r a c t i o n s a t h i g h energies.
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The h e l i c i t y frame is j u s t a s p e c i a l case of t h e planar frame f o r which a l l angles a r e zero.
Given a s e t of t r a n s v e r s i t y o r h e l i c i t y amplitudes e x t r a c t e d from data
f o r some reaction, i t i s a n easy matter t o obtain planar amplitudes f o r any p a r t i c u l a r choice of o r i e n t a t i o n angles. Choosing those angles p r o p i t i o u s l y may r e v e a l some h i t h e r t o unexpected s t r u c t u r e r e f l e c t i n g new dynamics. In t h e p-p e l a s t i c system t h i s exploration has been done f o r those energies and s c a t t e r i n g angles a t which a complete set of p o l a r i z a t i o n data e x i s t . ( 8 ) For t h e 6 GeV/c and t h e 300 t o 800 MeV data a remarkable s i m p l i c i t y r e s u l t s when t h e planar frame is chosen with each a x i s a t 90' t o t h e corresponding momentum. In t h i s Planar-Transversity o r "Sideways" frame t h e amplitudes a r e almost e n t i r e l y pure r e a l o r pure imaginary with respect t o one another.
Why t h i s should be i s not c l e a r but c e r t a i n l y suggests some underlying s i m p l i c i t y n o t inc'orporated i n any conventional dynamical model. ( 9 )
Having defined frames and amplitudes t h e observables can now be s p e c i f i e d . ( l ) The simplest s t r u c t u r e is obtained by choosing i n i t i a l s t a t e p a r t i c l e density matrices t o have s i n g l e e n t r i e s on t h e diagonal o r two off-diagonal elements t o i n s u r e hermiticity. Similarly t h e f i n a l s t a t e p o l a r i z a t i o n s a r e t r a c e s of f i n a l s t a t e density matrices with s p i n operators t h a t a r e chosen w i t h one diagonal e n t r y o r two off-diagonal e n t r i e s . For s p i n 1/2 t h e s e matrices a r e These correspond t o complete p o l a r i z a t i o n along t h e z-axis (~u r e l y + o r - Note t h a t matrices w i t h imaginary components correspond t o odd numbers of S y l s . Each matrix i s a l i n e a r combination of s c a l a r and/or v e c t o r w i t h t e n s o r p o l a r i z a t i o n s . As observables they a r e conceptually a s simple a s v e c t o r and t e n s o r p o l a r i z a t i o n s . They correspond t o various combinations of pure s p i n components +1, 0, -1 a'long t h e z-axis, t h e x-axis, t h e y-axis, 45O a x i s i n t h e To remove d i s c r e t e ambiguities a s w e l l i t is necessary t o measure a t l e a s t one observable w i t h s p i n p o l a r i z a t i o n a l o n g t h r e e independent d i r e c t i o n s . The proof i s s t r a i g h t f o r w a r d using t h e optimal formalism.
Measuring o r preparing one p a r t i c l e ' s p o l a r i z a t i o n a l o n g a s i n g l e d i r e c t i o n
involves diagonal elements of t h e d e n s i t y matrix f o r t h a t p a r t i c l e ( i n t h e b a s i s f o r which t h a t d i r e c t i o n i s t h e q u a n t i z a t i o n d i r e c t i o n ) . Hence t h e corresponding observables involve sums of squares of magnitudes. Such
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involving t h e sum of r e a l ( o r imaginary, depending on convention) p a r t s of b i l i n e a r products of amplitudes. From t h e s e observables t h e c o s i n e s of r e l a t i v e phases between amplitudes i s determined. But c o s i n e s l e a v e s i g n ambiguities i n t h e r e s u l t i n g phase angles.
It i s f i n a l l y necessary then t o measure o r prepare a t l e a s t some p o l a r i z a t i o n s a l o n g a t h i r d orthogonal d i r e c t i o n . This involves observables t h a t a r e sums of imaginary p a r t s of b i l i n e a r products of amplitudes. Those
observables t h e r e f o r e determine t h e s i n e s of some of t h e same phase a n g l e s
and, thereby, remove t h e remaining quadrant ambiguities.
T h i s s k e t c h of t h e proof shows t h e u t i l i t y of t h e formalism and i n d i c a t e s why i t i s a v a l u a b l e t o o l f o r e x p l o r i n g such general questions. Another formal a p p l i c a t i o n t o deuteron p o l a r i z a t i o n l e a d s t o a dramatic
and unexpected r e s u l t . W e have r e c e n t l y shown t h a t i n r e a c t i o n s involving Whether o r not t h i s has some p r a c t i c a l s i g n i f i c a n c e remains t o be seen, but i t d o e s . a l t e r one's i n t u i t i o n about spin-1. W e w i l l p r e s e n t a p l a u s i b i l i t y argument here; t h e proof being t o o lengthy.
Consider t h e simple r e a c t i o n involving s p i n s 0+0+0+1 and assume only
Lorentz invariance. There a r e 3 complex amplitudes, A,B,C corresponding t o 3
values of t h e s p i n p r o j e c t i o n s along some a x i s t o be chosen a s t h e z-axis.
With 3 amplitudes, 5 observables a r e needed from which t o s p e c i f y t h e magnitudes and 2 r e l a t i v e phases of t h e amplitudes.
Choose t h e observables t o be t h e d i f f e r e n t i a l c r o s s s e c t i o n and 4 of t h e
independent t e n s o r p o l a r i z a t i o n s defined here i n terms of t h e b i l i n e a r products of t h e amplitudes:
p,,'~e (BC*-AB*)
pyz"lm(B~*-~B*)
P~~-~~" R~( A c * )
pxy"lm(Ac*)
From 0 and P,, t h e q u a n t i t i e s 1~1~+ 1~1~
and (BI a r e determined w h i l e Pxx-Pyy and Pxy t h e n f i x A and C (choosing A r e a l say).
Then only Pxz o r PyZ s u f f i c e s t o s p e c i f y B. When more s p i n n i n g p a r t i c l e s a r e involved i n t h e p r o c e s s t h e r e a r e c o m p l i c a t i o n s (which have been e l u c i d a t e d i n r e f . 5) b u t t h e g e n e r a l i z a t i o n g o e s through by i n c l u d i n g t h o s e same t e n s o r measurements i n c o r r e l a t i o n w i t h o t h e r s p i n p o l a r i z a t i o n s . T h i s theorem could have s i g n i f i c a n c e i n t h e p u r s u i t of more e x p e r i m e n t a l i n f o r m a t i o n on t h e i n e l a s t i c channels i n p-p and n-d s c a t t e r i n g wherein dibaryons may b e prominant. T h i s l e a d s t o our l a s t a p p l i c a t i o n
here--dibaryons i n p-p e l a s t i c s c a t t e r i n g amplitudes.
The Case of t h e Dibaryon
----
We a r e going t o c o n s i d e r how t h e e l a s t i c a m p l i t u d e s r e f l e c t t h e e x i s t e n c e o f resonances w i t h v a r i o u s spin-angular momentum quantum numbers. For t h i s a p p l i c a t i o n h e l i c i t y a m p l i t u d e s prove most convenient; they r e f l e c t t h e
symmetries i n p-p e l a s t i c s c a t t e r i n g most d i r e c t l y when decomposed i n t o d e f i n i t e a n g u l a r momentum s t a t e s .
The t o t a l a n g u l a r momentum decomposition of h e l i c i t y a m p l i t u d e s ( l 1 ) c a n b e s e p a r a t e d i n t o s p i n s i n g l e t and t r i p l e t combinations f o r t h e p-p system. R e c a l l t h a t s i n g l e t s must have even L and t r i p l e t s odd L (and J=L+l, L,L-1) due t o i d e n t i c a l p a r t i c l e symmetry. Then t h e h e l i c i t y amplitude decompositions become
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JOURNAL DE PHYSIQUE b=D(+,+;+,-) =; ~d $~( 8 ) <~(~+ 1 ) j , f l l (~f l ) j , O > , J w i t h n o t a t i o n S (~) J f o r t h e s t a t e s . ( 1 2 ) Note t h a t f o r a lJJ o r 3 (~i l ) j resonance t h e amplitudes a=-or+d.
However, f o r 3~J o r 3 (~+ 1 ) J cf-or+e because of t h e d i f f e r e n t a n g u l a r f u n c t i o n s
Complete s e t s of amplitudes do n o t e x i s t f o r a l l e n e r g i e s and a n g l e s i n t h e presumed dibaryon r e g i o n s i n c e complete s e t s of experiments have been performed o n l y a t s e l e c t k i n e m a t i c values.
Phase s h i f t a n a l y s e s have been performed i n t h e r a n g e of i n t e r e s t --h e r e 700 t o 900 MeV.
To t h e e x t e n t t h a t phase s h i f t s a r e b e l i e v a b l e t h e y i n t e r p o l a t e experimental d a t a of v a r i o u s
k i n d s by u s i n g u n i t a r i t y and t h e assumption of a f i n i t e r a n g e i n t e r a c t i o n ( i . e . Lmax). Using one of t h e "standard" phase s h i f t a n a l y s e s , t h e S A I D s e t ( l 3 1 , we can determine t h e amplitudes a , . .. ,e.
The r e s u l t i n g amplitudes can b e s t u d i e d f o r t h e i r resonance s t r u c t u r e a s o u t l i n e d . The magnitudes of a and d a r e q u i t e d i f f e r e n t and show no i n d i c a t i o n of approaching one a n o t h e r a s t h e energy goes through t h e presumed mass of t h e s t a t e . The phase d i f f e r e n c e between a and d e x h i b i t s no s p e c i a l changes a s t h e same r e g i o n i s s t u d i e d . There i s no s i g n of resonance a c t i v i t y i n t h e s e amplitudes i n d i c a t i n g e i t h e r a dominant background c o n t r i b u t i o n o r n o r e a l e f f e c t .
The 3~3 s t a t e escapes n o t i c e i n t h e above t e s t . Examining t h e a n g u l a r dependence of I c ] and 1 el , however, shows a s t r i k i n g behavior a s t h e f i g u r e
below e x h i b i t s . The magnitudes a r e e q u a l a t 90°, where they a r e s o c o n s t r a i n e d . But they a r e a l s o e q u a l a t somewhat s m a l l e r a n g l e s ; t h e r e i s a crossover.
And t h a t c r o s s o v e r p o i n t moves t o s m a l l e r a n g l e s a s t h e energy i n c r e a s e s .
Remember t h a t ~" d :~ ( .-.-950 MeV 0 To summarize t h i s amplitude t e s t we emphasize t h a t w& have used t h e phase s h i f t s only to r e p r e s e n t i n t e r p o l a t i o n and e x t r a p o l a t i o n of c r o s s s e c t i o n and p o l a r i z a t i o n data t o v a r i o u s a n g l e s and e n e r g i e s . The a m p l i t u d e s t h a t emerge a r e a n e q u i v a l e n t i n t e r p o l a t i o n -e x t r a p o l a t i o n of data. Those amplitudes show smooth " u n i n t e r e s t i n g " behavior f o r t h e s i n g l e t s p i n amplitudes. Therefore observable6 w i l l n o t show any " i n t e r e s t i n g " behavior w i t h energy (even though t h e s i n g l e t phase s h i f t , ID^, loops on t h e Argand diagram13). The q u e s t i o n of whether o r n o t t h i s l o o p i n g p a r t i a l wave i s t r u e l y unique a r i s e s . Where i s t h e energy v a r i a t i o n i n a n observable q u a n t i t y o r amplitude t h a t shows such a s i n g l e t resonance? Of c o u r s e t h e r e needn't b e such a v a r i a t i o n i n any p a r t i c u l a r s e t of observables t o s t i l l g i v e a r e s o n a t i n g p a r t i a l wave s o long
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I n c o n t r a s t however, t h e 3~~ s t a t e i s f a r more p l a u s i b l e because of t h e crossover phenomenum observed above.
To conclude, we have demonstrated t h e u t i l i t y of t h e optimal formalism by c o n s i d e r i n g t h r e e very d i s t i n c t a p p l i c a t i o n s .
In each c a s e somewhat s u r p r i s i n g r e s u l t s were presented t o i l l u s t r a t e t h e improved i n t u i t i o n t h i s amplitude formalism produces. The formalisim has many more a p p l i c a t i o n s , some of which were summarized i n t h e High Energy Workshop of t h i s Sumposium. It i s a n t i c i p a t e d t h a t t h e i n s i g h t s gained through t h i s approach w i l l continue t o prove advantageous i n both t h e design of experimental programs f o r p o l a r i z a t i o n measurements and t h e i n t e r p r e t a t i o n of t h e r e s u l t i n g data.
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